CMIP5, CMIP6 and ERA5 antarctic precipitations are evaluated against CloudSat data. At continental and regional scales, ERA5 and CMIP models median are biased high, with insignificant improvement from CMIP5 to CMIP6 despite near-surface temperature improvement. However, less models yield outlying overestimation in CMIP6. AMIP configurations perform better than historical ones and, surprisingly, relative errors in areas of complex topography are higher (up to 50%) in the 5 higher resolution models. The seasonal cycle is well reproduced by the median of the CMIP models but not by ERA5.
https://es-doc.org/cmip6-experiments/). The available model outputs taken into account in this study are listed in table A1 of the Appendix A. CMIP, which started in 1995, is currently in its 6 th phase.
Here we evaluate CMIP5 and CMIP6 model output from the amip and historical experiments. amip is the configuration of the atmospheric circulation used when observed sea surface temperatures (SST) and sea ice (from 1979 to 2014) are selected as forcing. historical simulations are coupled ocean-atmosphere experiments. In both setups, observed time-varying atmospheric composition (anthropogenic, natural and volcanic influences), solar forcing, land use etc. based on observations are prescribed. 60 In addition, highresSST-present, defined in the framework of HighResMIP (Haarsma et al., 2016) , is a configuration available in the CMIP6 archive similar to amip with forced SST, but with a higher horizontal resolution. The experiment is designed to allow evaluating the sensitivity of climate model output to spatial resolution, and to help understanding the origins of model biases. The historical CMIP6 model outputs, driven by observed boundary conditions, end in 2014, while the observational period ended in 2005 in the earlier CMIP5 exercise. We therefore preferentially restrain the CMIP5 output to before 2005, 65 complementing them by output from the RCP8.5 scenario run until 2014 where appropriate (see figure C1 ), because the realized CO 2 emissions between 2006 and 2014 closely follow those of that high emission scenario (Hayhoe et al., 2017) . The start of our analysis period is 1979, corresponding to the beginning of the satellite period. We use all available CMIP5 and CMIP6 model, although it is well known (e.g., Masson and Knutti, 2011) that models managed by the same group or sharing a common development history yield very similar output, potentially biasing multi-model means. We preferentially use median 70 model output, which is less sensitive to such effects, and quantify inter-model dispersion by the 25 and 75% percentiles, which are insensitive to outliers. Furthermore, although the highresSST-present multi-model ensemble of opportunity contains several versions of most models at low and high resolution, we do not restrain our choice to the high-resolution model versions;
nevertheless, on average, the highresSST-present ensemble of opportunity used here has, on average, a substantially higher resolution than the amip and historical CMIP6 ensembles. 
Methods
For precipitation, we consider the entire Antarctic ice sheet, including ice shelves, where CloudSat satellite observations are available (i.e. north of 82°S). In order to evaluate the performances of the models to reproduce the various precipitation regimes of Antarctica, we examine both regional and seasonal averages. We consider the four standard meteorological seasons that are there is no significant difference in the results with more samples. As we will show below (see section 2.3.1), our conclusions are not very sensitive to these choices. models to CloudSat snowfall measurements, we have identified CMIP5 and CMIP6 models that have continent-wide mean snowfall rates within 20% of the CloudSat average value of 186 mm water equivalent per year, that is, between 150 and 223 mm per year. Not a single CMIP5 and CMIP6 model falls below this lower bound. Conversely, a substantial fraction of CMIP 115 models, both in CMIP5 and CMIP6, exceeds the upper bound of 223 mm per year. As a result, only 58% of the CMIP6 amip models fall within the ±20% range around the CloudSat value, and this number decreases to 38% for CMIP6 highresSSTpresent, the other ensembles lying between these extreme values. The atmosphere-only amip runs less frequently exceed the ±20% bound (56% and 58% within the 20% range for CMIP5 and CMIP6, respectively) than the coupled historical runs (43% and 48% within the 20% range for CMIP5 and CMIP6, respectively). We must note that the median model precipitation rate 120 shows no improvement from CMIP5 to CMIP6; if anything, compared to CMIP5, there is even a degradation in the CMIP6 median historical simulation with respect to CloudSat.
Results

Continent-wide climatological snowfall rates
There is therefore a systematic high bias, exacerbated a higher spatial resolution, and no substantial improvement is obvious on the continental scale from CMIP5 to CMIP6; prescribed observed oceanic boundary conditions (SST and sea ice) in the amip runs lead, unsurprisingly, to more realistic simulated precipitation rates than in the corresponding coupled runs.
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From CMIP5 to CMIP6, one can note, positively, that the number of models with extreme positive precipitation biases is reduced. In the CMIP5 historical ensemble, for example, 4 models exceed (in one case very substantially) the maximum of the CMIP6 ensemble at 353 mm, which is almost twice the observed 2007-2010 rate.
Interestingly, ERA5 similarly exhibits a positive mean precipitation bias of about 30 mm per year, and is therefore not better, at least compared to the CloudSat climatology, than the CMIP5 and CMIP6 median models. Table A1 . CMIP5 and CMIP6 models considered in this study
